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HYDRODYNAMICIMPACTLOADS~

A -20°DEAD-RISEINVERTED-VMODELANDCC14PARE30NSWITH

LOADSOFA FLAT-BOTTOMMODEL

ByPhilipM. Edge,Jr.

As pertofa studyofhydrodynamicimpactloadson chine-immersed
bodies,a modelhatingan inverted-Vtransverseshapeanda dead-rise
angleof -20°wastestedat theLangleyimpactbasin.A seriesoffixed-
trimimpactsofthisinverted-Vmodelweremadein smoothwaterovera
widerangeof trimandinitialflight-pathanglesat a beam-loading
coefficientof19.15witha fewimpactsat beam-loadingcoefficientsof
27.90and7j6.07’.

*
Thedataarepresentedintablesandinfigures.asvariationsof

loadsandmotions(incoefficientform)withtime,trimangle,and
* flight-pathangle.Ingeneral,themsximumimpactloadseqeriencedby

theinverted-Vmodelweregreaterthantheloadswhichhavebeenobtained
fora flat-bottommodel;however,forthesevereimpactconditions
approaching0°trim(flatimpacts)a trendtowardsmallerloadsthsn
t-~seexperiencedona flatbottomis indicated.Peak
inverted-Vtransverseshapecomparewiththoseforthe
ina mannersimilarto themaximumimpactloads.

INTRODUCTION

pressures”forthe
flat-bottommodel

Investigationsof hydrodynamic@act loadson chine-immersedbodies
attheLangleyimpactbasinhaveincludedseveraltransverseshapes
(refs.lto 4). Referencel presentedloadsfora flat-bottom(0°dead-
risesngle)modelandreferences2 tok presentedloadsformodelshaving
positivedead-riseanglesandV andcurvedtrsmsverseshapes.These -
investigationshaveindicatedtherelationofmaximumloadsto transverse
shapeforchine-immersedmodelsof zeroandpositivedead-riseangles.
Thepresentinvestigationextendsthisstudybeyondtheflatplateto
theinverted-Vshapewitha -20°dead-riseangle.

Configurationshavingnegativedead-riseanglesareof interest
●

fromthestandpointoftheunconventionalflowofwaterfrcmtheinstant
of initialcontactas comparedwithimpactsofbodieshavingpositive

●
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dead-riseangles.Theflowuponinitialcontactofthemodelhavinga .
negativedead-riseangleisfromthechine8inwaxdtowardthecenteror
keelofthebottomas contrastedwiththatofthemodelhavinga posi- 0

tivedead-riseanglewhichisoutwardfromthekeel. Thisdifference
Inflowiscloselyrelatedto thesprayandloadsproducedduringimpact.
Whereasonbottomshavingpositivedead-riseangleschinestripsor chine
curvaturesarerequiredto diverttheflowofwaterfromairplamestruc-
tures,engineinlets,andsoforth,thetransverseshapewitha negative
dead-rise,angleisexpectedto confinethespraytowardthecenterof
thehu31orhydro-ski.Thegradualimnersionofthecrosssection
witha negativedead-riseangleis similartothatofthecrosssection
witha positived&ad-riseangleand,therefore,somesimilaritycanbe
expectedintheapplicationoftheimpactload.However,theinward
flowduringtheimpactofa modelwitha negativedead-riseangletends
topileupwateratthekeelsndtherebyaffectstheloadquitediffer-
entlythandoestheoutwardflowofbodieshavingpositivedead-rise
angles.

Thepurposeofthisinvestigationwasto determinetheeffectofa
negativedead-riseangleonthehydrodynticimpactloadsovera range

—

oflandingconditions.A prismaticmodelwiththistypeoftransverse
shapeanda straightkeelwassubjectedto a seriesoffixed-trimimpacts
insmoothwaterattheLangleyimpactbasin..Mostoftheimpactswere +“
madeat a beam-loadingcoefficientof19.15andcovereda rangeoftrim
andinitialflight-pathangles;however,a few@pactsweremadeat
been-loadingcoefficientsof27.gOand36.07.Thetotalloadsand ●

pitchingmcmentstogether@*h themotionsofthefixed-trimmodelwere
measuredduringtheimpactprocess.Also,impactpressuresweremeasured
at severalpointsalongthemodel. .—

Thisreportcontainstablesofthebasicdatafromtheinvestigation
andpresentsvariationsoftheloadsandmotionswithtime,withinitial
flight-pathangle,andwithtrimangle.Themaximumloadsandmaximum
measuredpressuresobtainedfortheinverted-Vmodelarecomparedwith
thosepreviouslyobtainedfora flat-bottommodel.

SYMEOLS

modelbeam,ft

Vn
equivalentplaningvelocity,— ft/sec

sinT’

hydrodynamicforcenormaltokeel,lb
■

T
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cd

CL

verticalcomponentofhydrodynamicforce,lb

accelerationdueto gravity,32.2ft/sec2

wettedlengthofmodelat chine,ft

pitchingmomentaboutstep,lb-ft

F
impactloadfactornormaltoundisturbedwatersurface,#

pressure,lb/sqin.

timeafterwatercontact,sec

resultantvelocityofmodel,ft/sec

velocityofmodelnormalto keel, i sinT + i Cos T, ft/sec

droppingweight,lb

velocityofmodelpsmllelto undisturbed”watersurface,
ft/sec

draftofmodelno-l to

velocityofmdel normal
ft/sec

undisturbedwatersurface,ft

toundisturbedwatersurface,

flight-pathanglerelativeto undisturbedwatersurface,deg

massdensityofwater,1.938slugs/cuft

trimsingle,deg

center-of-pressurecoefficient,
Centerofmressuremeastiedfromste~

b

drsftcoefficient,z
E

niW
impactliftcoefficient,

&Vo2b2
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cm pitching-momentcoefficient,MY
9.%3

Vot
timecoefficient,—

b

.
c; vertical-velocitycoefficient,~

Z.

wbeam-loadingcoefficient,—
pgb3

Subscripts:

o instantof contactwithwatersurface

max maximum

APPARA!nJs

Tests were madeintheLanKl_e~impactbasinwiththeequipment
describedinreference5. Thisequipmentconsistsofa catapult,an
arrestinggear,associatedinstrumentationformeasuringloadsand
motionsofthemodel,smda testingcsrrhgetowhichthemodelis
attachedat alltimesby a boom. Theboomismountedona parallel
linkagewhichpermits,themodeltomovefreelyintheverticaldirection
whilethecarriageismovinghorizontallydownthetank.

-—

Model

A crosssectionoftheinverted-Vmodelis showninfigure1 and
theinstallationofthemodelonthecarriageboomis showninfigure2.
Theinverted-Vmodelhada -20°angleof deadrise,a l-footbean,and
a straightkeelandchine12 feetlong.Thebottomwasofwoodcovered
withfiberglassandtheremainderofthemodel,whichincLudeda 2-foot
nosesectionforwardofthebottom,wasofsheet-metalconstruction.

Instrumentation

Theinstrumentationconsistedofa multichanneloscillograph,
accelerometers,a dynamcmeterjwater-contactindicator,andelectrical
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circuitsfor
measurements
timing.

measuringdisplacementsvelocities~d press~es.ml
wererecordedontheoscilLographtogetherwithO.01-second

Accelerationsintheverticaldirectionweremeasuredlystrain-
gage-typeaccelerometershavingundampednaturalfrequenciesof17 and
120cyclespersecond.Theloadnormaltothekeelofthemodelsnd
Ditchingmomentsaboutthestepwereobtainedfroma strain-gage-t~e
&namom&ermountedbetweenthemodel
andfromconsiderationoftheinertia
dynamometer.

Theinitialcontactofthemodel

andthecsrrisgeboom(fig.2)
effectsofthemassbelowthe

withthewaterandreboundfrom
thewaterweredeterminedfroman oscillographrecordofa pulsepro-
ducedbyan electricalcircuitwhichwascompletedbythewaterthrough
contactsinthemodel.Horizontalvelocitywascomputedfrom
photoelectric-cellindicationsofhorizontaldisplacementandfromthe
timeincrements.Measurementsofverticaldisplacementwereobtained
froma slidewireandverticalvelocitywasobtainedfromelectrical
differentiationoftheslide-wiredisplacement,

Impactpressureswereobtainedfromtenpressuregagesflush-
* mountedinthebottomatthelocationsshown,infigure3. Thepressure

gageswereoftheinductivetypeexceptforgage10whichwasofthe
unbendedstrain-gagetype. Allgageshada diaphra@diameterof* 1/2inch.Thesignalsfromtheprqssuregageswereamplifiedsnd
recordedwitha flatfrequencyresponseextendingto above1,000cycles
persecond.

Ingeneral,thedataobtainedm thisinvestigationarebe~eved
tobe-accuratewithinthefollowinglimits:

Horizontalvelocity,ft/sec. . . . . . . . . . . . . . . . . . +o.~
VerticalVelocity,ft/sec. . . . . . . . . . . . . . ● . . ● ●

+0.2
Verticaldisplacement,ft . . . . . . . . . . . . . . . . . . .. +o.~
Acceleration,gunits. . . . . . . . - . . . . . . . . - . . c *().2
Pressure,lb/sqin.. . . . . . . . . . . . . . ● . ● . . . . . *3
Weightjlb . . . . . . . . . . . .. . . . . . . . . . . . . . *10
Time,sec. . . . . . . . . . . . . . . . . . . . . . . . .- . ~0=~2
Pitchingmoment,percent. . . . . . . . . . . . . . ● ● ● ● ●

*Jj

TheWad@ applicationoftheloadundersomeimpactconditions
ledtouncertaintyindeterminingtheinstantofpeakreadingonflat
loadandmomentcurves.Consequently,thedetemed t-s tol?eakare
notasaccurateastheabovevaluesindicate.
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Thisinvestigationconsistedofa seriesoffixed-trimimpactsin
smoothwaterforlandingconditionscoveringa rangeoftrimsandfliht-
pathangles.Impactsweremadeattrims.nglesof0°,4°, 8°, 12°, 165
200,and30°andovera rangeofflight-pathanglesfrom3°to25°wit~
a fewimpactswithoutforwardspeed(70= ~“) at 7 = 0°~d 80 (veloc-
ityrange:~.. 3.9to 12.2feetpersecond,*O = ()to &)feetper
second).Theimpactsweremadeat a beam-loadingcoefficientof19.15
(W= 1,195pounds).In orderto checkeffectsofbeamloading,a few
impactsweremadeatbemn-loadingcoefficientsof2T.gOand~.0~
(W= 1,741and2,251pounds,respectively)for8° trimovera rangeof
flight-pathangles(;O= 4.5to 12.4feetpersecond,~. = 31 to 72
feetpersecond).

During eachimpacta liftforceequaltotheweightofthemodel
anddroplinkagewasappliedtosimulateawing liftof lg (ref.~).
Severaltimesduringthetest,repeatimpactswerem&deto checkthe
consistencyofthebehavioroftheequipmentandinstruments.No s&nif-
icsmtchangeswereobservedandthedataoftheserepeatimpactswere
averagedforpresentationinthisreport. z

RESULTSANDDISCUSSION v

Theexpertientaldataobtainedinthisinvestigationarepresented
intablesI and11foreachoftheimpacts.TableI presentsthemeas-
uredvaluesofloadsandmotionsat contactwithwater,atmaximum -.
acceleration,atmaximumpitchingmoment,atmaximumdraft,andat
rebound.TableII showsthemaximumpressuresmeasuredat thepressure-
gagelocations(fig.3) andtheverticalvelocityatthetimeofeach
maximumpressureforeachoftheimpacts.

—
Someofthemeasurements

werenotsuccessfullyobtained(notedinthetablesby dashes)because
themagnitudewasoutofrangeoftheinstrumentorbecausethe
instrumentfailedtofunction.

TimeHistories

Variationsoftheload,draft,verticalvelocity,andpitching
momentsreshowninfigures4 to 7 incoefficientform. Thedatafor
impactswithoutforwardspeedareshowninfigures4 andfyfortwo
values of 50 at T = 0°and8° and CA= 19.15. Promthesetimehis-
toriesandfromtableI it isseenthatfora modelofthelengthtested
theliftcoefficientat0°trimis significantlygreaterthanthelift
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coefficientat 8°trim,maximumliftforimpactsat 0°trimbeingabout
ninetimestheliftforimpactsat8°trti. Thedatafortypicalimpactsa withforwsrdspeedareshowninfigure6for CA = 19.15 andin figure7
for CA = 36.07.!l!hesetimehistoriesindicatethat the loadsare
largelydependentuponflight-pathangleandbeamloadingandat high
flight-pathanglesaredependentontrimangle.Thesetimehistories
showthattheapplicationoftheloadsto theinverted-Vmodelisclosely
similsrto theapplicationgenerallyexpectedformodelshavingpositive
dead-riseangles.

Theinwardflowofthewaterduringimpactoftheinverted-Vmodel
mightbe expectedto affectdrasticallytheapplicationoftheloadso
asto createwaterhsmmeror shock.However,as shownby thetimehis-
tories,the
detrimental

loadsduringtheimpactwereappiiedsmoothlywithoutany
effectsfromtheinwardflow.

VariationsofLoadsandMotionsWithTrimand

Flight-PathAngle

Thevariationswithinitialflight-pathangleofthecoefficients
ofverticalload,verticalvelocity,dxaft,pitchingmoment,centerof

8°,and300at CA= 19.15pressure,andtimefortrimanglesof4°,
arepresentedinfigures8 to 13. Inthesefiguresthefollowingsig-
nificantdataareshown:

Impactliftat ni,m andat ~ (fig.8)
Draftat ni,- andat ~ (fig.9)
Verticalvelocityat ni,m andat exit(fig.10)

Timeat ~,_, at ~, andat exit(fig.11)

Pitchingmomentat ni,= andat ~,u (fig.E)

Centerofpressureat ni,_ andat ~,- (fig.13)

As indicatedintable1,duringsomeoftheimpactsat lowtrimangles
(T . 40), thebowofthemodelbecsmeihvolvedbeforefullimmersionwas
reached.In ordertoeliminatepossibleeffectsofthes@itrarily
shapednoseofthemodel,anydataobtainedafterbowimmersionwerenot
included.

Ingeneral,thedatashowninfigures8 to 13 indicatethattheloads,
mments,andmotionsofthemodelhavinga negativedead-riseanglevary
withinitialflight-pathangle.andtrimina mannersimilarto variations
obtainedwithmodelshavingpositivedead-riseangles.It isnotedthat
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fromfigures12 and13 comparisonscanbemadebetweenthepitching-
mcmentandcenter-of-pressurecoefficientsatmaxhumaccelerationand
thecoefficientsobtainedatmaximumpitchingmoment.Thiscomparison
showsthatat 30°trimanglethepitching-momentcoefficientat ni,max
isveryclosetothemaximum.However,asthetrtiangleislowered
to 80and4°,themaximumpitchingmomentisasWch as25percent
greaterthanthepitchingmomentat ni,m. Similsrly,thecenter-of-
pressurecoefficientsat ni.~ andatmsximuMpitchingmanentare

,
aboutthessmeat 30°trim,whereasat4° trimthecenterofpressure
atmaximumpitchingmomentisasmuchasfourtimesthevalueat ni-x.>

Figure14presentsa summary ofthevariationsofmsdmumimpact
liftcoefficientwithtrimandflight-pathwle.. Themta pofntsshow
wereobtainedfromfairedcurvesof CL,H plotted%afnst 70 (samples
ofwhichareshowninfig.8(a))andthevariationsshownarefaired
throughthesedatafor y. . ~.~”,10°,15°,and20° at CA= 19.15.

ComparisonBetweenLoadsofInverted-VModeland

Flat-BottomModel &

Impact-loadsdatafora flat-bottommcdelwereobtainedfromtests
madeunderconditionssimilsrtothepresentinvestigationandreported 3“
inreference1. Theseloadsfortheflat-bottommodelarecomparedwith
thoseoftheinverted-Vmodelinfigure15whereinsreshownthevaria-
tionswithtrimangleoftheratioofthemaximumloadsfortheinverted-
V modeltothemaxhnumloadsfortheflat-bottommodel.Thiscompaxlson
islimitedto lowflight-pathsingles(7= 10° andbelow)fortrimangles
below30”0asthemodelofreference1 wasof insufficientlengthto

—

obtaindataat highflight-pathanglesandlowtrimangles.

Thevariationshown(fig.15)indicatesthattheinverted-Vmodel
yieldsmaximumimpactloadssignificantlylargerthanthoseoftheflat-
bottommodel(asmuchas 18percentat T =--12°, Y. = 100).Thevaria-
tionalsoshowsthat,asthesevereconditionof zerotrimorflatimpa&
(impactona waveflankwhoseslope‘angleisequalto thetrimangleof
a bydro-ski)isapproached,theinverted-Vmodelshowsa trendtoward
smallerloadsrelativeto theflat-bottommodel.Thistrendindicates
thattheinverted-Vmodel,whenccmparedwiththeflat-bottommodel,
showspromiseasa meansofreducingtheimpactloadingunderthesevere
conditionsofflatimpactwithoutcorrespondingreductionofloadatthe
lesssevereconditionsofimpactatpositivetrim.Also,atveryhigh
trimanglesthetrendistowardrelativelylessloadfortheinverted-V
model.However,atthesehightrimanglesthe@act loads~e mf~d~d
thegradualreductionofloadshownisoflittleimportance.

-

.—
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“ Typical
ofthemodel
ures16,17,

BottomPressures

distributionsofthehydrodynamicpressureon thebottom
andmaximumvaluesofthesepressuressreshowninfig-
and18.

Figure16presentsthepressuresindicatedat eachof thegage
locationsatvaluesof t correspondingtopeakreadingsof eachpres-
suregsgeforimpacts23,25,and29 (CA= 19.15 and T = 80). The
pressuredistributionis shownalongwiththewettedportionofthe
modelas determinedfromthewaterlinebasedondraftmeasurementssnd
levelwater.

Infigure17thevariationsofmsximumpressure(fromtableII)

with +vna arepresentedfortrimanglesof4°,12°,20°,and30°.

Onlythethreepressuregageswiththehighestreadingforeachtrim
anglewereusedandstraightlineswerefairedthroughthedataforeach
trimangle.Theslopesoftheselinesgivepressurecoefficientsbased
onvelocitynormalto thekeel, k. Thecoefficientsareconverted

&Vn2

intoan equivalentplaningvelocityformbydividingby si&T:

Thevariationwithtrimangleofthesepressurecoefficientsforthe
inverted-Vmodelis showninfigure18togetherwithpressurecoeffi-
cientsfortheflat-bottommodelobtainedfromdataofreference6.
Comparisonofthepeakpressurecoefficientfortheinverted-Vmodel
withth&tfortheflat-bottommodelshowsthatthe~imum pressures
areapproximatelythesameat trimanglesnear21°. Above21°the
inverted-Vmodelexperiencessomewhatgreaterpressures(Ispercentat
30°triangle). At trtianglesbelow210jthetrendof the,flat-plate
dataisnotclesrlyestablished;however,thepressuresfortheinverted-
V modellieconsiderablybelowthosefortheflat-bottommodel.This
trendofthemaximumpressurelendssupportto thepreviousindication
thatwhencompsredwiththeflatbottomtheinverted-Vtransverseshape
isa meansofreducingtheimpactloadingexperiencedduringsevere
landingsat lowtrimswithoutcorrespondingreductionof load@ the
lesssevereconditionsofhightrims.

.

.
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GeneralObservationsontheInverted-VTransverseShape

Fromthedatapresentedithasbeenshownthattheimpactloadson
theinverted-Vmodelweresmoothlyappliedandthat,whenthemaximum
loadsoftheinverted-Vmodelarecomparedwithflat-bottom-modelloads,
a reductioninloadisindicatedforlandingconditionsnearflatimpact
(0°trim). Thesmoothapplicationofloadduringimpactandthefavor-
“ablecomparisonwiththeloadsoftheflat-bottommodelindicateadvan-
tagesfortheinverted-Vmodelfrmnthestandpointof impactloads.

Theplaningcharacteristicsoftheinverted-Vmodelarepresented
inreference7. Theplaningliftcoefficientsshownfortheinverted-V __ _.
model,whencompsredwiththoseofreference8 fora flat-bottommodel,
areobservedtobe equalorgreaterthantheliftcoefficientsforthe
flat-bottommodel.Theplaningliftcharacteristicsshownby thedata
ofreference7 indicateadvantagesoftheinverted-Vshapefromthe
standpointofhighplaningliftandlowhumpspeedsduringtake-off.

Inadditionto impactandplaningcharacteristics,observations
weremadeofthespraygeneratedby themodelduringimpact.Thespray
observedduringimpactsoftheinverted-Vmodelwasconfinedbehindthe
modelwithmuchlesssprayto thesidesorabovethanisusuallyobserved
withconventionalflat-orV-bottommodels.It isbelievedthatthese 6
spraycharacteristicsshowpromiseintheapplicationoftheinverted-V
shapeinhydro-skiorhulldesignswherespraymustbe keptto a minimum
becauseofoutboardengineinlets,flaps,or otherstructures. u

Theseobservationsareintendedtopointoutthepotentialsof
transverseshapeswithnegativedead-riseanglesforhullsandhydro-
Skis. Thepresentinvestigationwasconfinedto a -20°angleofdead
riseandno attemptshavebeenmade to studyeffectsoftransverseshape
onotherconfigurationshavingnegativedead-riseangles.Therefore,
itisfeltthattheresultsobtainedfromthepresentinvestigationindi-
catethatfurtherstudiesofhydro-skiandhullshapeshavingnegative
dead-riseanglesshouldbe considered.

CONCLUSIONS

An analysisofexperimentaldataobtainedinan impact-basininves-
tigationofa narrow-besmmodelhavingan inverted-Vtransverseshape
witha dead-riseangleof -20°leadstothefollowingconclusions:

—
—

1.Theloads,moments,smdmotionsoftheinverted-Vmodelvary
withinitialflight-pathangleandtrimina mannersimilartothevaria-
tionsobtainedwithmodelshavingpositivedead-riseangles.
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2.Maximumimpactloadsontheinverted-Vmodelaregreaterthsn
loadsobtainedundersimilarconditionsona flat-bottom’modelover
intermediatetrimanglesofthisinvestigation.However,at lowtrim
anglesandatveryhightrimangles,thetrendsindicatethattheloads
aresmalleron theinverted-Vmodelthanon theflat-bottmmodel.

3. Maxtimpressuresfortheinverted-Vmodelandtheflat-bottom
modelsreapproximatelythesameat trimsnear21°. Themaximumpres-
suresontheinverted-Vmodelaregreaterat hightrims(T . 30°)and
smallerat lowertrims(belowT = 210) thanthoseontheflat-bottom
model.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyFieid,Vs.,May 14, 1958.
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